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Abstract

The pillars of pharmacotherapy for overactive blad-
der (OAB) are antimuscarinic agents which inhibit
bladder smooth muscle contractions through interfer-
ence with acetylcholine action on muscarinic receptors
of the detrusor smooth muscle. Despite the availabili-
ty of different antimuscarinic compounds, physicians
and patients remain dissatisfied with current treat-
ments due to adverse events and/or insufficient effica-
cy. Therefore, new agents with improved safety and
efficacy profiles are needed for a more effective treat-
ment of overactive bladder.

Fesoterodine is a novel bladder-selective mus-
carinic antagonist that has shown potent antimus-
carinic activity in vitro and in vivo. In multiple investi-
gations, the agent has been shown to be safe and well
tolerated in subjects of different ethnic origin, age and
gender; in poor and extensive CYP2D6 metabolizers;
in subjects taking concomitant medication inhibiting
CYP3A4; in fed or fasted states; and in those suffering
from hepatic impairment. No clinically relevant
changes in heart rate, blood pressure, ECG parame-
ters or laboratory analyses have been seen with ther-
apeutic doses of fesoterodine in these studies.

Furthermore, in a phase Il clinical trial in patients
with OAB, fesoterodine demonstrated rapid and signif-
icant efficacy on a variety of endpoints. The results of
this trial encouraged the manufacturer (SCHWARZ
PHARMA) to initiate a phase Il clinical trial program
for fesoterodine.

Introduction

Overactive bladder (OAB) is an extremely common
disorder, affecting up to 33 million adults in the United
States and 17% of the adult population in major European
countries (1, 2). OAB can occur at any age and in either
gender, although its prevalence is higher in geriatric and
female populations.

OAB is a bladder function disorder resulting in symp-
toms of urgency, with or without urge incontinence, and
usually includes increased urinary frequency and nocturia
(3). The disorder is due to spastic contractions of the
detrusor muscle of the bladder, resulting in sustained high
bladder pressure and the urgent need to urinate. This can
be caused by several reasons, such as traumatic or toxic
nerve damage (e.g., abdominal trauma, pelvic trauma or
surgery, bladder stones, adverse effects of drugs), neuro-
logical diseases (e.g., spinal cord lesions, multiple sclero-
sis, Parkinson’s disease, excessive neurotransmitter
release in the bladder) or myogenic instability (e.g., blad-
der hypertrophy caused by outlet obstruction or urinary
tract infection) (4).

In some cases, OAB can be managed without phar-
macotherapy, using exercise, pessaries, implants,
biofeedback or behavioral therapy. But in most cases,
pharmacotherapy is the better option. Anticholinergic
agents have been found to be particularly effective for
treating OAB. During normal micturition, acetylcholine
released from postganglionic parasympathetic neurons
acts on the muscarinic receptors of the detrusor smooth
muscle in the bladder to stimulate contractions.
Anticholinergic agents interfere with this action, thus
reducing detrusor contractions. However, despite the
availability of different antimuscarinic drugs, physicians
and patients remain dissatisfied with current treatments
due to adverse events and/or insufficient efficacy (4-8).
Therefore, new agents with improved safety and efficacy
are needed for a more effective treatment of OAB.

Fesoterodine is a novel bladder-selective antimus-
carinic for the treatment of OAB. The agent is orally
administered once daily and is rapidly and extensively
hydrolyzed to its active metabolite, SPM 7605. Based
on excellent results in several phase | and phase Il trials,
fesoterodine is expected to show an improved efficacy-
safety ratio compared to current antimuscarinics.
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Fig.1. SPM 7605 plasma concentrations after administration of multiple oral ascending doses of fesoterodine (14-16).

Pharmacological Actions

The pharmacodynamic effects of fesoterodine and its
active metabolite, SPM 7605, were examined in vitro on
carbachol- and electrical field stimulation-induced con-
tractions of rat bladder strips and after i.v. administration
(0.01, 0.1 and 1 mg/kg) to healthy rats in vivo. Feso-
terodine and SPM 7605 (1 uM-1 mM) shifted the concen-
tration-response curve for carbachol to the right, with no
significant depression of the maximum, suggesting com-
petitive antagonism. The pA, values were 8.7 = 0.3 and
8.8 + 0.3, respectively, and the slopes of the Schild plot
were 1 and 1.3, respectively. Similar pA, values were
obtained for oxybutynin and atropine: 8.4 + 0.1 and 9.0 =
0.3, respectively. Both fesoterodine and SPM 7605 inhib-
ited electrical field stimulation-induced contractions in a
concentration-dependent manner, with maximum inhibi-
tion (60.0 + 15.3 and 46.6 + 13.1%, respectively)
observed at a concentration of 0.1 pM. In contrast, the
maximum inhibition observed with 0.1 uM of oxybutynin
and atropine was 33.7 = 14.0 and 39.7 + 27.1%, respec-
tively (12). In conclusion, the in vitro functional data indi-
cate that fesoterodine and SPM 7605 are more potent
than oxybutynin and atropine.

Administration of fesoterodine and SPM 7605 (0.01
mg/kg i.v.) to healthy rats resulted in significant increases
in bladder capacity and intercontraction intervals 90-120
min postdosing; micturition volume only slightly increased
at this dose. Significant reductions in micturition pressure
were observed for both agents at this dose, indicating that
the threshold dose was less than 0.01 mg/kg (12).

Pharmacokinetics

After oral administration, fesoterodine cannot be
detected in plasma due to rapid and extensive hydrolyza-
tion by unspecific plasma esterases to its active metabo-
lite SPM 7605. After single- or multiple-dose administra-
tion of fesoterodine at doses of 4-28 mg, SPM 7605
shows dose-proportional pharmacokinetics. Maximum
plasma levels are reached after approximately 5 hours
(Fig. 1). No accumulation occurs after multiple-dose
administration (13-16).

The terminal half-life of SPM 7605 is approximately 7
hours. SPM 7605 is eliminated via direct renal secretion
and via hepatic biotransformation into considerably less
active metabolites. The hepatic metabolization involves
different cytochrome P450 (CYP) enzymes such as
CYP3A4 and CYP2D6. Approximately 7% of the
Caucasian population are poor metabolizers for CYP2D6
and are essentially devoid of this enzyme activity. SPM
7605 plasma levels are almost 2-fold increased in poor
CYP2D6 metabolizers. Due to the fact that the terminal
half-life of SPM 7605 is not changed in poor CYP2D6
metabolizers, this difference is not considered clinically
relevant (Fig. 2) (13).

Special populations

Comparison of the pharmacokinetics in elderly males
and females (>65 years) with the pharmacokinetics in
young subjects (18-45 years) shows similar body weight
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Fig. 2. SPM 7605 plasma concentrations after administration of

a single oral dose of 8 mg fesoterodine to extensive and poor
metabolizers for CYP2D6 (13).

normalized maximum plasma levels and area under
the curve values for SPM 7605 in all three populations
(Fig. 3). No differences in pharmacokinetic parameters
are observed (17). A comparsion between Caucasian and
Black African subjects shows similar SPM 7605 plasma
concentrations and pharmacokinetic parameters in both
groups (Fig. 4) (18).

Dose adjustments also do not appear to be necessary
in patients with mild to moderate hepatic impairment, as
indicated by the results of a trial in 8 patients with moder-
ate hepatic impairment and 8 age- and weight-matched
healthy subjects. In the open-label trial, single 8 mg
doses of fesoterodine were investigated. Both study
groups were comprised of male Caucasians. Compared

(ng/mL-kg/mg)
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to the healthy subjects, those with liver impairment had
increased SPM 7605 exposure, with C__  values
increased 1.4-fold and AUC values increased 2.2-fold
(Fig. 5). While the mean t__ was lengthened from 5.4
hours in healthy subjects to 7.4 hours in patients with
hepatic impairment, the mean t,, value was similar
between groups (8.4 + 1.5 and 8.9 + 2.1 hours, respec-
tively). The unchanged terminal half-life in patients with
liver impairment suggests no accumulation of SPM 7605.
Therefore, no adjustments in the dose of fesoterodine
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Fig. 4. Arithmetic mean (+ SD) of SPM 7605 plasma concentra-
tions after administration of a single oral dose of 8 mg fesotero-
dine to healthy male Caucasian and Black African subjects
(n=12 per group) (18).
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Fig. 3. SPM 7605 body weight and dose normalized plasma concentrations after administration of a single oral dose of 8 mg fesotero-
dine in young male, elderly male and elderly female subjects (n=12 per group; median) (17).
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Fig. 5. Plasma concentrations of SPM 7605 and its metabolites
after administration of a single oral dose of 8 mg fesoterodine
(arithmetic means + SD; n=8 healthy subjects, n=8 patients with
moderate liver impairment).

appear to be warranted when administered to patients
with mild or moderate liver impairment (20).

Concomitant treatments

The effects of concomitant treatment with the potent
CYP3A4 inhibitor ketoconazole on the safety and phar-
macokinetics of fesoterodine were investigated in exten-
sive and poor metabolizers for CYP2D6. In this trial, fes-
oterodine was safe and well tolerated alone or together
with ketoconazole both in poor and extensive CYP2D6
metabolizers. Concomitant ketoconazole treatment
resulted in an increase in SPM 7605 plasma concentra-
tions caused by CYP3A4 inhibition. However, as shown
by a slight 1.5-fold increase in C_, in poor CYP2D6
metabolizers (Fig. 6) and by the unchanged terminal half-
life, other elimination pathways are able to compensate
for a blockade of two important hepatic metabolism steps.
Despite the statistical significance of this pharmacokinet-
ic interaction, the increase in plasma levels is small and
was not considered to be clinically relevant (19).

Food effect

The effect of food on the pharmacokinetics of feso-
terodine was evaluated in an open-label, crossover
study in which 16 healthy male subjects received an 8 mg
dose of fesoterodine in the fasted state and after eating a
high-fat, high-calorie meal. Time to reach C_, was not
influenced by the ingestion of food. The pharmacokinetic
parameters C__ and AUC,,, increased slightly in the fed
condition. Bioavailability of SPM 7605 expressed
as AUC,,, was on average 12% higher for fesotero-
dine administered in the fed state than in the fasted state.
The differences in the pharmacokinetics of SPM 7605
seen in fed subjects did not appear to be great
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enough to warrant consideration of meals when adminis-
tering fesoterodine (21).

Electrocardiogram

Electrocardiogram data from 6 phase | trials have
been retrospectively analyzed, including ECGs taken
prior to treatment, at maximum concentrations and at fol-
low-up. The analysis concluded that fesoterodine had no
direct effect on myocardial repolarization when given in
single and multiple doses up to 28 mg/day (23).
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Fig. 6. SPM 7605 plasma concentrations after administration of
a single dose of 8 mg fesoterodine alone or together with a
pre- and cotreatment with ketoconazole in poor CYP2D6
metabolizers (19).
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Fig. 7. Influence of concomitant food intake on SPM 7605 plas-
ma concentrations (fed: n=16, fasted: n=16) (21).

Phase Il clinical evaluation

At doses of 4, 8 and 12 mg o.d., fesoterodine demon-
strated efficacy and safety in a phase Il trial in 728
patients with OAB. The best balance of activity and toler-
ability was seen with the 4- and 8-mg doses. At sites in
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Table I: Adverse events with a frequency greater than 1% in any treatment group and dropouts due to adverse events (22).

Placebo (n=183)

Fesoterodine 4 mg (n=186)

Fesoterodine 8 mg (n=173) Fesoterodine 12 mg (n=186)

Dry mouth* 9% 25%
Headache 16% 17%
Nausea 7% 5%
Constipation 3% 2%
Dizziness 3% 4%
Abnormal vision 1% 0%
Drop outs 4% 6%

26% 34%
16% 15%
2% 6%
3% 6%
1% 2%
0% 1%
2% 12%

*After randomization

Europe, Israel and South Africa, patients were random-
ized to 12 weeks of active treatment or placebo.

Safety results of this phase Il clinical trial showed that
the occurrence of adverse events, including constipation
and vision disorders, was similar between the placebo
and active treatment groups. No safety issues arose, and
vital signs and ECG parameters were not significantly
affected by treatment. Dropout rates due to adverse
events were 4% of subjects in the placebo group, and
6%, 2% and 12% in the 4 mg, 8 mg and 12 mg fesotero-
dine groups, respectively (22).

The most common adverse event was dry mouth,
which was reported in 9%, 25%, 26% and 34% of patients
in the placebo and fesoterodine 4-, 8- and 12-mg groups,
respectively (Table I). Dry mouth was mostly mild to mod-
erate in severity (22).

Fesoterodine is now in phase Il clinical development,
and approximately 2,000 patients with overactive bladder
syndrome are expected to be enrolled in 12-week trials in
Europe and the United States (24).
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